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Abstract 
Halogen free fire-retardant silicon rubber compounds for cable covering materials were prepared, using Magnesium hydroxide (MH), 
microencapsulated red phosphorous (MRP) as a synergist agent. Tensile Test was used to testify the mechanical properties. Limiting 
oxygen index (LOI) and UL 94 test were used to characterize the flammability of the developed formulations. Thermal analysis (TA) was 
used to characterize their thermal properties. 
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1. Introduction 
In the last decades, all types of wires and cables were used for power electronics, telecommunications, etc. in lots fields 
and locations that our human living in or working in or having entertainments in. At present, we always use thermal plastic 
polymers to make coverings for wire and cable, such as ethylene-vinyl acetate copolymer (EVA), poly (vinyl chloride) 
(PVC), polyethylene (PE), but these polymers have fatal defects themselves, they are prone to thermal decomposition, so 
much as be ignited to fire then release black smoke and other toxic gases such as carbon monoxide(CO), carbon 
dioxide(CO2), hydrogen chloride (HCl), benzene, toluene, naphthalene and all that, these are harmful for lives and 
circumstances[1-3]. Furthermore the fire of wires and cable is very difficult to eradicate. So material researchers are 
ceaselessly trying to find and synthesize new polymers or effective fire retardant system for wire and cable coverings, to 
reduce the harm because of wire and cable fire. 
Silicone rubber compounds are used in a variety of applications since they can be easily molded and have excellent 
elasticity, compression set, dynamic fatigue, thermal properties, chemical properties and electrical resistance properties [4-
6]. So in this paper we use Magnesium hydroxide(MH), Aluminum hydroxide(ATH), Magnesium hydroxide sulfate hydrate 
(MHSH) whiskers as flame retardants, and microencapsulated red phosphorous (MRP) as a synergist to design some typical 
fire retardant Methyl vinyl silicone rubber (MVMQ) based cable formulations, and evaluate their thermal properties. 
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2. Experimental 
2.1. Materials 
Methyl vinyl silicone rubber (MVMQ, MW: 620 000, vinyl content is 0.17%, no additives) and fumed silica (SiO2, A-
150) used in this work were produced by Dongjue Fine Chemicals (Nanjing ) Co. LTD.. Flame retardant (FR) additives: 
magnesium hydroxide (MH, industrial product, 2M-C01) and Microencapsulated RP (MRP, industrial product, KY-1 was 
provided by Keyan Chemical Fire retardant Materials (Hefei) Co. LTD.. Vulcanizing agent: bis(2,4-dichovobenzoyl) 
peroxide (DCBP, ) by QiangSheng Chemical Engineering Company (JiangSu). 
2.2. Sample preparation 
MVMQ/ SiO2 master batches (MQ) were prepared via mixing a two-roll mill (XK-160, JiangSu, China) at 25oC for 15 
min with a mass ratio MMVMQ/MSiO2 is 100/35. The above master batches were mixed with flame retardant (FR) additives at 
25 oC using a twin-roll mill. The resulting mixtures were then compression molded into sheets (3 mm and 1 mm 
thickness).Table 1 shows the mixing mass ratio of MQ to FR additives. 
 
Table1. Summary of fire retardant silicone rubber compounds (in parts by weight) 
compound MVMQ SiO2 MH MRP DCBP 
Sample1 100 35 0 0 1.5 
Sample2 100 35 40 0 1.5 
Sample3 100 35 20 15 1.5 
 
2.3. Analyses and characterization  
Thermal Analysis. Thermal analysis (TA) including thermogravimetric analysis (TGA), Differential thermal analysis 
(DTA) was conducted with a Netzsch STA 409C thermoanalyzer instrument. The 15 mg specimens were heated from 50 to 
750 oC using a linear heating rate of 10 oCgmin-1. All runs were performed in an air atmosphere at a flow rate of 50 
mlgmin-1.  
Fire Testing. Limiting oxygen index (LOI) determination was performed according to ASTM D2863. Test specimens of 
dimensions 100×6.5×3 mm were cut from pressed plates. UL-94 vertical burning tests were performed with a plastic sample 
of dimensions 130×13×3 mm, suspended vertically above a cotton patch. The classifications are defined according to the 
American National Standard UL-94.The test methods are generally reproducible to an accuracy of ±0.5%, giving useful 
comparison of the relative flammability of different materials. Higher LOI values represent better flame retardancy[7]. 
3. Results and discussion 
3.1. Flame retardant properties  
  Table 2 and Table 3 compare the fire retardant (FR) effect of different FR additives and their synergistic effect.  
 
Table2. LOI and UL 94 values for fire retardant MVMQ formulations 
Sample  LOI UL 94 MH 
Sample1 26.8 V-2 0 
Sample2 33.3 V-0 40 
Sample3 31.2 V-0 20 
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Table3. Criteria conditions for fire retardant MVMQ formulations in Vertical Burning  
Criteria conditions Sample 1 Sample 2 Sample 3 
Afterflame time for each individual specimen( t1: second) ü 0~2 0~3 
Total afterflame time for any condition set( t1 plus for the 5 specimens) ü 8 10 
Afterflame plus afterglow time for each individual specimen after the second flame  
application(t1 + t2) 
ü 2~4 0~4 
Total afterflame time plus afterglow for any condition set((t1 + t2) plus for the 5 
specimens) 
ü 22 28 
Afterflame or afterglow of any specimen up to the 125 mm mark yes no no 
Cotton indicator ignited by flaming particles or drops    no no no 
 
*Afterflame Time—the length of time for which a material continues to flame, under specified conditions after the 
ignition source has been removed. 
*Afterglow Time—the length of time for which a material continues to glow, under specified conditions after the ignition 
source has been removed and cessation of flaming 
From Table 2 we can have a conclusion intuitively that MH and its synergistic system(MH/MRP) are effective to 
mentioned fire retardant MVMQ formulations, all the formulations can  comply with the requirements of V-0 and LOI 
values increased 4.4 units at least. Especially MH were used in mass 40g, the LOI comes to a head 33.3. According to the 
Vertical Burning conditions (Table 3), we can see the difference among different formulations although they all can be 
classified to V-0. The sample that use 40g MH only(Sample 2), 20g MH and 5g RP as synergist (Sample 3), total afterflame 
time plus afterglow for any condition set (t1 + t2) plus for the 5 specimens are 22s, 28s respectively.  
Higher LOI values and combustion phenomena in vertical burning test testified that MH and MRP have a strong charring 
effect in MVMQ composites to improve the flame retardant properties.  
Thermal properties. The thermal stability of the above formulations will be discussed and compared to that of 
virginMVMQ/SiO2 hybrid. The thermo-gravimetric analysis (TGA) was made in air at the rate of 10oC/min (Fig. 1) to 
measure three parameters: the onset temperature of thermal degradation (Tonset), the second temperature of thermal 
degradation (Tsec) and the yield of charred residue at 750 oC. The results are listed in Table 4.  
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Table 4 Thermal properties of FR MVMQ formulations  
Sample Tonset (oC) Tsec (oC) residue at 750oC (%) 
Sample1 394.7 — 45.95 
Sample2 373.1 — 52.11 
Sample3 382.4 479.1 66.25 
 
Fig.1.  TG curves of FR MVMQ formulations.  
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TGA curves show that the Tonset of  formulations involving FR additives are all decreased, the char residue increased; the 
Tonset temperature are all less than 300 oC, that is due to the decomposition of MH (Tonset of MH is about 280 oC). From the 
TGA curves, it can be seen that there are two steps in the degradation of MQ/MH/MRP composite but the other two samples 
just have one.  It can be considered that the synergic effect of MH and MRP changed thermal decomposition of MVMQ 
essentially. 
In the DTG curves [Fig.2], one can see that there are two peaks in the degradation of MVMQ and its flame retardant 
composites. The first peak is roughly from 370 to 470oC that is attributed to the main chain pyrolysis; the second step is 
about from 500 to 570oC that is attributed to the synergic flame retardant effect of MH and MRP. DTA curves [Fig.3] show 
the energy change of sample’s degradation. If sample’s thermal degradation is mostly a endothermic reaction, the kind of 
material that the sample represent is steady relatively in fire and absorbs energy from fire field, contrariwise, if sample’s 
thermal degradation is mostly a exothermic reaction, that kind of material is not steady in the fire. From Fig. 3, we can see 
that all of the mentioned thermal degradation is exothermic reaction, but FR additives induce the area of exothermic peak 
lessening, especially under the synergetic effect of MH and MRP. 
Conclusions  
According to above investigation, we find MH has excellent effect to Methyl vinyl silicone rubber (MVMQ) based cable 
covering materials, furthermore, incorporation of MH/MRP into MVMQ/SiO2 composites as a compatibilizer may be can 
accelerate r increase the char formation of MVMQ, and the thermal stability of  MVMQ/MH/MRP composites increase 
greatly compare with bulk MVMQ and MVMQ/MH composites. 
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Fig.2. DTG curves of FR MVMQ formulations. 
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Fig.3. DTA curves of FR MVMQ formulations. 
